The main purpose of this paper is to show the way to conduct a risk based mortgage loan choice process for low and middle income households in Turkey.
Introduction
Interest rates have been declining in Turkey since 2001. This trend in interest rates on deposits can be seen in Figure 1 . The weighted average of interest rate for housing loans was approximately 54,84% on January 2002. It is 13,31% on August 2016. The trend about the aggregate demand for the housing loans between 2005 and 2014 can also be seen in Figure 2 . The aggregate demand for the housing loans was approximately 12 billion Turkish Lira (approximately 8,9 billion US dollars) on December 2005. It is approximately 105 billion Turkish Lira (approximately 49 billion US dollars) on June 2014. The yearly average increase in the demand for housing loans between these dates is about 91%. Mortgage loans are first given by financial institutions in Turkey in 2006. The housing loans availability may ocur due to the abundancy of cash flows in the last decade. This sharp decline on interest rates and credit availability made it possible for many households to buy their own houses. Thus, the demand for the housing loans increased sharply in the last decade as a result of this trend in the housing finance market. Lower mortgage loan monthly payments motivated most of the households to buy their own houses in Turkey due to the sharp decline in interest rates. But the households do not necessarily always make financial decisions based on risk assessment before buying their houses. In other words, the risk adjusted appropriate level of mortgage loan that will make households better-off is not known by these economic actors. This is an exploratory research, which uses empirical facts to help individuals to act in a risk oriented manner in their decisions in the process of buying their houses.
Literature review is presented in the second section of the paper. Cash flow analysis based on net present value is given in the third section. Yield curve based on zero-coupon bonds are embedded to the model in order to discount the cash flows in the analysis. Cash flows analysis related with housing stock investment is based on historical simulation method. Comparison and advantages of Nelson-Siegel method with alternative
Cash Flow Analysis Based on Net Present Value
We combine the cash flows generated from the value of the house, rent income, mortgage loan payments and the value of down payment as a single entity and compute the net present value of the related cash flows. Rents and the salvage value of a house are treated as cash inflows in the analysis, while the value of monthly payments of a mortgage loan are considered as cash outflows. The salvage value of a house at the end of a mortgage loan is calculated by deducting the depreciation of the house during the duration of the mortgage loan. Since down payment in a mortgage loan can be depositted to a bank, it is also treated as cash outflow in the analysis in the sense of opportunity cost. Loan to Value (LTV) ratio is %75 for the mortgage loans in Turkey. Since a sharp increase in the interest rates can be seen due to an economic shock in the future, in our cash flow analysis, adjustable-rate mortgage (ARM) is perceived as a gamble, which is also advocated by Fisher and Shelly (2002) . Thus, mortgage loans are treated as fixed-rate mortgage (FRM) through the study.
The relation between maturity and the depreciation rate ( ) is expressed as:
Where P a represents actual age of property and P e represents the effective age of property. is the depreciation rate on the property. Effective age of a house is determined as fifty years. Interest risk is analyzed under different scenarios namely for different maturities and depreciation rate, and also for different rent scheme. Maturities and their corresponding depreciation rates are calculated as follows: Monthly mortgage payments are calculated based on the annuity formula below:
Where MP is the monthly mortgage payments, i is the fixed interest rate of the mortgage loan, and n is the number of mortgage payments in the equation above.
Where and represent the initial value of the rent and the annual inflation rate respectively. N is the years to maturity.
where H is the initial value of the property. Then formula for the net present value of the cash flows (NPVCF) related with rents, value of property, monthly mortgage payments and down payment is as follows:
Where , which is the value of the down payment at period . r b is the rate of return on bank account, r is the yield on Turkish treasury bonds, and T is the maturity date of the mortgage contract.
Nelson-Siegel Yield Curve Construction and Historical Simulation Method
The commonly used term structure estimation methods are given as the bootstrapping method, the polynomial/exponential spline methods of McCulloch (1971 McCulloch ( , 1975 and Vasicek and Fong (1982) , and the exponential functional form methods of Nelson and Siegel (1987) and Svensson (1994) . Nelson and Siegel (1987) proposed to fit the term structure using a flexible, smooth parametric function. This model is capable of capturing many of the typically observed shapes that the yield curve assumes over time and it is used to construct zero-coupon yield curves. Besides, Nelson and Siegel method is more robust than other methods. Moreover, in this study, our interest is to measure the risk of a mortgage loan which naturally is subject to a long term interest rate risk. Thus, by definition, Nelson and Siegel method will be a superior choice over spline based methods.
Let the forward rate follows the following equation:
Where, is the long rate, is the short rate and is the time to maturity. Then the spot rate is expressed as:
Estimation of the parameters is done by restricted nonlinear least squares method. Objective function for the optimization is:
Where is the price of the bond with maturity , P is the observed price and w is the weight vector of modified duration of corresponding bonds.
Interest risk of the cash flows is computed by historical simulation. Steps followed for the simulation are as the following: 1) Construct the daily yield curves with one to T days to maturity by Nelson-Siegel method for N days.
2) Take the 360-day difference of the data and save it in a vector of (N-360) by T.
3) Add the saved vector to the last day yield observations and construct the simulated vectors of yields. 4) Compute N-360 of net present value of the future mortgage payments. 5) Count how many times the negative net present values obtained and divided by N-360 and report this number as the default frequency caused by the variation in interest rate.
Historical simulation is criticized for not being able to reflect the probability of the events not experienced within the data set. For this reason, parametric, semi parametric and Monte Carlo simulation based risk estimation methods are suggested for practitioners. However, for the realized interest rate process in Turkey, it would be very hard to find a proper theoretical stochastic process and probability distribution. In addition to difficulty of proper model choice, computation burden would be higher than in historical simulation. Moreover, our main purpose is to build a tool to compare the risk of various mortgage action scenarios, not to compute the exact default probabilities.
Risk Based Mortgage Loan Choice for a Given Value of Rent, Maturity of the Loan and Interest Rates
The level of mortgage loans is determined by three factors. The first factor is the rent. Rent varies between zero and 1,000 T.L. These are the minimum and maximum amounts of rent that are used in the analysis based on the economic conditions in Turkey. If the landlord cannot rent his or her house, the rent may be zero until the end of the mortgage loan. Even if a person buys a house for himself or herself, there is still opportunity cost of not paying a rent to another house because of making this investment. The second factor is the amount of mortgage loans. This factor is shown with the term "Amount" in Figure 3 . The third factor is the interest rate. As it is mentioned in the previous section, the influence of interest rates via yield curve is embedded to analysis by using historical simulation. There is another factor which depends on these three factors. This factor is the probability of default (PD). It shows the probability of having a negative net present value in an one year holding period.
As can be seen in Figure 3 , there are four kinds of colours. These colours show the risk levels for a certain amount of mortgage loan, rent, and maturity. The area shown with dark blue is the zero-risk area. For example, the area shown with the letters ABK is the zero-risk area for mortgage loans. In other words, ABK shows area for mortgage loans with zero risk. The area shown with red shows the mortgage loans with the highest risk. Layers in Figure 3 shows the maturity, which is between ten and twenty years, of the mortgage loans. The layer shown with GF has the highest risk in the figure. The other areas with two colours, green and yellow, are between other areas with blue and red colours. For example, the area CDEH shows a risk level higher than ABK but lower than GF. Vol. 8, No. 11; 2016 eleven tables (Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, Table 7, Table 8, Table 9, Table 10, Table 11 ), which can be seen in the appendix, are prepared to determine the zero PD for negative net present value. For example, PD is zero for a mortgage loan amount of 75,000 T.L. and for a rent amount of 400 T.L. in Table 1 . If a person thinks that the he or she will get less than 400 T.L., the PD will not be zero. In other words, the cut-off point for a mortgage loan amount of 75,000 T.L. is a 400 T.L. rent for a rational investor. For instance, if a person thinks that he or she can only get 350 rent for a house with a 75,000 T.L. mortgage loan, the PD is %0,6. PD is shown with bold in order to show the cut-off point for the amount of mortgage and rents in each table. The other interesting point in Table 1 is that there is no zero-risk investment for a mortgage loan amount of 175,000 T.L. In other words, an investment to a house would be risky after this level of mortgage loan. This is true for the mortgage loans with the maturity of ten years. But as the maturity increases from ten years to twenty years, this amount increases to 375,000 T.L. This can be seen in Table 11 . Thus, a household or a person, who is willing to make a riskless investment, can reach this goal by taking a mortgage loan with a higher maturity. The important point in here is that there is an relatively appropriate mortgage level for each amount of rent with different maturities.
Conclusion
We have developed a financial model that compares owning versus renting. It is found that buying a house by using a mortgage loan is more rational than renting. Even in the case of owner occupied housing, there is an opportunity cost for the owner of the house. Since probability of having a negative net present value is zero for most of the mortgage loan amounts, buying a house by using a mortgage loan is more rational than renting.
This study differs from other studies in terms of using a single asset in order to minimize the risk. For example, Markowitz achieved a similar return with a lower risk by forming a portfolio from the stocks of different companies. Sharpe added a risk-free asset to this portfolio and determined optimum point the efficient frontier.
As it is mentioned in the literature review, other studies include house to this portfolio in order to minimize all risks related with households. No portolio is formed in order to diversify the risk for this investment, house, by using a risk-free asset. This study shows that loan can be borrowed by taking no risk (annual interest rate risk), provided that a certain level of average rent is guaranteed during the life of the loan. In other words, the return in a house would be positive if the amount of rent is more than a certain level (e.g., 400 T.L.). A rational investor can easily decide to make this investment by determining the level of rent. House as an investment tool is used to diversify the portfolio risk with other financial assets such as stocks and t-bills. A house is an important and expensive investment for most of the households in their lifetime in Turkey. This is especially true for low and middle income households. Thus, we consider the house as a single investment tool or single investment project, not as a part of a hedged portfolio. The interest rate, the level of rent and amount of mortgage loans are all based on the economic conditions of Turkey. It is found in this study that risk of the mortgage loan can be determined by using historical simulation method based risk computation and a rational choice can be made. Thus, households can manage their risk related with buying an house by determining the level of average rent during the life of the loan.
The other finding of this study is that there is a positive correlation between the amount of mortgage loan and PD. This can be easily seen in Figure 3 . There is a negative correlation between the maturity of the loan and PD. This can also be seen in the eleven tables in appendix. For instance, as can be seen in Table 1 , the cut-off point of rent for a 100.000 T.L mortgage loan is 550 T.L. with the maturity of ten years. But when the maturity of the mortgage loan increases to eleven years, the cut-off point with a zero PD decreases to 500 T.L., which can be seen in Table 2 . As the maturity of the loan increases to twenty years, the cut-off point for rent decreases to 275 T.L. So a household can minimize its risk by taking a small amount of mortgage with a long maturity.
There is a positive relationship between the amount of the mortgage loan and rent for a zero PD. For instance, when the amount of mortgage loan is 375.000 T.L. the cut-off point for a zero PD is 950 T.L. rent. But as the amount of the loan decreases to 75.000 T.L. the cut-off point for a zero PD becomes 200 T.L. rent. This can be seen in Table 11 .
In sum, amount of mortgage loan is positively related with the rent of the house, while maturity and rent amount are inversely related. A rational investor can easily manage his or her risk by knowing this relationship among these three factors. A rational investor can easily estimate the level of risk that he or she is taking by buying a house with a mortgage loan. Besides, it would be very unrealistic to discount the cashflows with a deterministic interest rate. Thus, stochastic interest rates are used via historical simulation in this study. Since a house is an important investment for most of the households in their lifetime, this study is expected to shed some light to rational decision making in this important investment. Table 1 . Annual probability of defaults for different levels of mortgage loans and rents with the maturity of ten years Table 3 . Annual probability of defaults for different levels of mortgage loans and rents with the maturity of twelve years 925 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,003 0,012 0,031 0,058 0,088 950 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,010 0,022 0,046 0,079 975 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,006 0,017 0,034 0,066 1000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,003 0,011 0,026 0,052 Table 7 . Annual probability of defaults for different levels of mortgage loans and rents with the maturity of sixteen years 875 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,011 0,023 0,051 0,083 900 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,008 0,020 0,041 0,071 925 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,005 0,013 0,031 0,056 950 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,010 0,022 0,044 975 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,008 0,018 0,033 1000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,005 0,012 0,023 Table 9 . Annual probability of defaults for different levels of mortgage loans and rents with the maturity of eighteen years 775 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,008 0,021 0,043 0,075 0,105 800 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,005 0,013 0,031 0,058 0,087 825 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,010 0,022 0,046 0,076 850 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,006 0,017 0,033 0,060 875 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,003 0,011 0,023 0,048 900 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,009 0,019 0,034 925 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,006 0,013 0,026 950 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,010 0,021 975 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,008 0,014 1000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,005 0,011
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